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Description 

INCORPORATION BY REFERENCE 

The disclosure of Japanese Patent Application Nos. 
Hei 9-1 0231 4 filed on April 1 8, 1 997, and Hei 9-1 0231 3 
filed on April 18, 1997 each including the specif ical ion, 
drawings and abstract are incorporated herein by refer- 
ence in their entirety. 

BACKGROUND OF THE INVENTION 

1. Field of Invention 

The present invention relates to an air bag appara- 
tus for a passenger seat having an air bag door deploy- 
ably disposed in a passenger seat-side upper portion of 
an instrument panel and facing a windshield pane, an 
air bag case supported by a vehicle body component 
member and housing an inflator and a bag, and a re- 
striction device connecting the air bag door to the air 
bag case or the vehicle body component member so as 
to restrict the deployment angle of the air bag door. 

2. Description of Related Art 

In a so-called dashboard-type air bag apparatus for 
a passenger seat, an air bag door is normally deployed 
toward the windshield pane in a single-hinged manner. 
For the purpose of preventing interference between the 
air bag door and the windshield pane, the use of a strap 
has been proposed. Such an air bag construction em- 
ploying a strap is disclosed in t for example, Japanese 
Patent Application Laid-Open No. Hei 7-323800, United 
States Patent Nos. 4,911,471 and 5,385,366, and will 
be briefly described below. 

Referring to Figs. 17 and 18, a conventional air bag 
apparatus 1 70 for a passenger seat is disposed in a pas- 
senger seat-side upper portion of an instrument panel 
172. The air bag apparatus 170 includes an air bag unit 
174 supported by a vehicle body component member, 
and an air bag door 178 fixed to the air bag unit 1 74 by 
rivets 176 so as to confine the air bag unit 174. 

The air bag unit 1 74 has a tray-shaped air bag case 
180 in which an inflator 182 and a folded bag 184 are 
disposed. A hinge 186 is formed in a reverse (interior) 
surface of the air bag door 178, more specifically, in a 
portion of the air bag door 1 78 near a forward end there- 
of, by reducing the wall thickness of the portion. A break- 
able portion 1 90 is formed near a rearward end and op- 
posite side ends of the air bag door 1 78 , thus extending 
in a generally squared M U" shape, whereby the air bag 
door 1 78 can be deployed pivotally about the hinge 1 86. 

The air bag door 1 78 is formed from urethane foam. 
Resin-made reinforcing meshes 1 92 formed of, for ex- 
ample, polyester yarns, are embedded in the air bag 
door 1 78 by insert molding, but not in the breakable por- 
tion 190. A strap 194 extends behind the air bag door 



178 substantially in a transverse direction relative to the 
vehicle, near and along a front-side extension of the 
breakable portion 190, with an intermediate portion of 
the strap 194 sewed to a portion with an embedded re- 
5 inforcing mesh 192 near the front extension of the break- 
able portion 1 90. Opposite end portions of the strap 1 94 
are lastened to side flange portions of the air bag case 
180, using retainers 196 and bolts, so that portions of 
the strap 1 94 between the sewed intermediate portion 
10 and the bolt -fastened end portions are left slack or bent. 
If a predetermined high load is applied to a front por- 
tion of the vehicle body, the inflator 182 ejects gas to 
expand the bag 184. Due to the expanding pressure 
from the bag 184, the air bag door 178 is broken along 
is the breakable portion 190, and depbyed toward the 
windshield pane 188 pivotally about the hinge 186. As 
the air bag door 178 is thus deployed, the slack or bent 
portions of the strap 194 become extended and taut, 
thereby restricting the deployment angle of the air bag 
20 door 178. The interference between the air bag door 178 
and the windshield pane 188 can thus be prevented. 

However, the resin-made strap 1 94 degrades due 
to an influence ofa component material of the foam layer 
(urethane foam) of the air bag door 178 (more specifi- 
cs cally, so-called amine attack wherein the polyester 
yarns of the strap are hydrolyzed by urethane in contact 
and thus degrade over time). 

Accordingly, it is an object of the present invention 
to provide an air bag apparatus for a passenger seat 
30 capable of preventing a resin-made strap for restricting 
the air bag door deployment angle from degrading by 
the influence of a component material of a foam layer. 

SUMMARY OF THE INVENTION 

35 

This summary of the invention does not necessarily 
describe ail necessary features so that the invention 
may also be a sub-combination of these described fea- 
tures. 

40 To achieve the foregoing object, according to the 
present invention, there is provided an air bag apparatus 
for a passenger seat, including an air bag door deploy- 
ably provided in a passenger seat-side upper portion of 
an instrument panel so as to face a windshield pane, the 
45 air bag door having a door base member and a foam 
layer provided over the door base member, and an air 
bag case provided below the air bag door and supported 
by a vehicle body component member. The air bag case 
houses therein an inflator that ejects gas when a prede- 
50 termined high load is applied to a front portion of a ve- 
hicle, and a bag that is expanded by the gas from the 
inflator and thereby deploys the air bag door toward the 
windshield pane. A restricting device is provided for re- 
stricting a deployment angle of the air bag door to a pre- 
ss determined angle in a relationship with the windshield 
pane. The restricting device is formed from a resin ma- 
terial, and is provided between the door base member 
and the foam layer. The restricting device connects the 
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air bag door to the air bag case or the vehicle body com- 
ponent. A degradation preventing device is provided be- 
tween the restricting device and the foam layer for pre- 
venting degradation of the restricting device. The deg- 
radation preventing device has the ability to protect the 
restricting device from a component material of the foam 
layer. 

According to an embodiment of the present inven- 
tion, the restricting device extends in a rearward end- 
side portion of the door base member substantially in a 
transverse direction relative to the vehicle in a plain 
stitch manner. 

According to the present invention, when a prede- 
termined high load is applied to a front portion of the 
vehicle, the inflator disposed in the air bag case ejects 
gas so that the air bag is expanded and deploys the air 
bag door toward ihe windshield pane. In this operation 
the restricting device connecting the air bag door to the 
air bag case or the vehicle body component member 
supporting the air bag case restricts the deployment an- 
gle of the air bag door to a predetermined angle in rela- 
tion to the windshield pane. Therefore, interference be- 
tween the air bag door and the windshield pane is sub- 
stantially prevented or minimized. 

In the present invention, the degradation preventing 
device is disposed between the restricting device and 
the foam layer, so that the restricting device can be pro- 
tected from the influence of a component material of the 
foam layer due to changes over time. 

Since the restricting device is formed from a resin 
material, it is possible to provide a restricting device with 
a favorable strength by selecting a suitable resin mate- 
rial. In addition, it is possible to reduce the costs of the 
restricting device and, therefore, the costs of the air bag 
apparatus for a passenger seat. 

In the aforesaid embodiment ofthe present inven- 
tion, the restricting device extends in a rear end-side 
portion of the door base member forming the lower sur- 
face of the air bag door, in a transverse direction relative 
to the vehicle in a plain stitch manner, so that the re- 
stricting device forms a plurality of upper side portions 
extending on the upper surface of the door base mem- 
ber. Therefore, the bag expanding pressure is applied 
to each of the upper side-extending portions of the re- 
stricting device. More specifically, the present invention 
achieves substantially leveled-off distribution of bag ex- 
panding pressures applied to the air bag door. There- 
fore, the present invention substantially reduces the air 
bag door deployed from being curved. 

The aforementioned operation and advantage is 
achieved by the stitching layout of the restricting device 
The need to provide an air bag door with a special rib 
or the like tor a rigidity increase as in the conventional 
construction is eliminated. The thickness ofthe entire air 
bag door can be correspondingly reduced. Therefore 
the present invention advantageously causes no in- 
crease in the inertial mass of the air bag door. 

In the present invention, the degradation preventing 



device may prevent hydrolysis of the restricting device 
due to contact with the foam layer. Thereby, it becomes 
possible to reliably prevent degradation of the restrctino 
device. a 

5 In the present invention, the restricting device may 
be slidably covered with the degradation preventing 
means. Such a construction will achieve the followinq 
operation and advantages. 

Since the degradation preventing device is adhered 
to the foam layer during the process of forming the air 
bag door, the degradation preventing device will not 
slide relative to the door base member. However since 
the degradation preventing device is not adhered to the 
elongated restricting device covered with the degrada- 
tion preventing device, the restricting device can move 
relatively to the degradation preventing device if the re- 
stricting device receives a relatively great load There- 
fore, when the air bag door is connected to the air bag 
case or the vehicle body component member by the re- 
*> striding device, differences (variations) are allowed in 
the lengthwise dimension of a connecting portion of the 
restricting device connecting the air bag door to the air 
bag case or the vehicle body component member be- 
cause such a difference (variation) will be offset by a 
2S shift ofthe restricting device relative to the degradation 
preventing device when the air bag door is deployed 

That is, according to the invention, potential varia- 
tions (deviations) in the lengthwise dimension of a con- 
nectmg portion of the restricting device connecting the 
30 air bag door to the air bag case or the vehicle body.com- 
ponent member at the time of connection between the 
air bag door and the air bag case or the vehicle body 
component member by the restricting device will be 
eliminated at the time of air bag deployment since the 
3S load of the air bag door being deployed onto the restrict- 
ing device causes the restricting device to shift relative 
to the degradation preventing device. Consequently it 
becomes possible to prevent the air bag door from tak- 
mg an inclined posture while being deployed toward the 
windshield pane. 

In the present invention, the restricting device may 
include a looped cord formed by knotting two end po- 
tions of the cord. Thereby, the cord forming the strap 
has onfy one knot, which means that the operation of 
« knotting the cord needs to be performed only once 

Furthermore, the degradation preventing device 
may include a heat-shrink tube through which the 
looped cord slidably extends in close contact therewith 
Thereby, an intermediate portion of the looped cord is 
5° disposed in close contact with the degradation prevent- 
ing device, without forming a gap therebetween Thus 
owing to the degradation preventing device, the slacking 
of the intermediate portion of the looped cord can be 
prevented and a constant diameter of the intermediate 
portion of the looped cord can be achieved. Therefore 
it becomes possible to considerably improve the effi- 
ciency in connecting the looped cord to the door base 
member. 
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The present invention may further have the follow- 
ing construction. That is, each of two opposite side wall 
portions of the air bag case is provided with a generally 
"IT -shape bracket fixed thereto, and each bracket is 
plastically deformable upon application thereto of a load s 
equal to or greater than a predetermined value, and 
each end portion of the looped cord is passed through 
a corresponding one of the brackets, and open end por- 
tions of each bracket are interconnected by a connect- 
ing device. 10 

With this construction, when the air bag door is de- 
ployed by bag expanding pressures, pulling loads are 
applied to the brackets, through which the correspond- 
ing end portions of the looped cord extends. When the 
pulling load from the looped cord reaches or exceeds 15 
the predetermined value, the brackets plastically de- 
form. During the plastic delormation of the brackets : the 
tensile load is absorbed. 

The brackets have a generally "IT shape before the 
end portions of the looped cord are engaged therewith. 20 
After the end portions of the looped cord are passed 
through the brackets, the open end portions of each 
bracket are interconnected by the connecting device. 
Therefore, the end portions of the looped cord can easily 
be connected to the air bag case or the vehicle body 2s 
component member without needing to use additional 
tabs or the like. Consequently, the bracket productivity 
can be improved. 

The present invention may further have the follow- 
ing construction. That is, the air bag door is provided 30 
with a groove extending in a foam layer-side surface of 
the door base member in a transverse direction relative 
to the vehicle and protruding away from the foam layer, 
and the groove has at opposite ends thereof insert holes 
through which the restricting device is passed, and the 35 
restricting device is disposed in the groove. 

With this construction, the difference between the 
plate thickness of the portion of the air bag door where 
the restricting device is disposed and the plate thickness 
of another portion of the air bag door where the restrict- 40 
ing device is not disposed can be reduced. Consequent- 
ly, it becomes possible to reduce the adverse effects of 
the door base member on the exterior surface (design 
surface) of the air bag door (for example, dents or pro- 
tuberances on the design surface). Thus, it becomes 45 
possible to improve the exterior appearance and quality 
of the air bag door 

In the present invention, the degradation preventing 
device may include a cover member that closes the 
groove when the restricting device is disposed in the so 
groove. 

With this construction, it becomes possible and 
easy to connect the restricting device to the door base 
member in a firm and neat placement. Consequently, it 
becomes possible to prevent the restricting device from ss 
waving or weaving after the restricting device is con- 
nected to the door base member. 

The present invention may further have the follow- 



ing construction. That is, the instrument panel has three 
layers: an instrument panel base member forming a re- 
verse (interior) surface ofthe instrument panel, a shell 
spaced from the instrument panel base member and 
forming a design surface, and a foam layer charged be- 
tween the instrument panel base member and the shell. 
The air bag door also has three layers: the door base 
member, a shell spaced from the door base member and 
forming a designed surface, and the foam layer charged 
between the door base member and the shell, and the 
air bag door is formed together with the instrument pan- 
el. 

With this construction, the production of the air bag 
door is facilitated. More specifically, the instrument pan- 
el and the air bag door can easily be produced as a sin- 
gle unit by setting the door base member together with 
the restricting device connected thereto and the instru- 
ment panel base member in a mold, and setting the shell 
in the mold with a space left between the shell and the 
door base member and the instrument panel base mem- 
ber, and then performing foaming molding. Therefore, 
productivity is improved. In addition, this construction al- 
lows improvements in the exterior appearance and qual- 
ity of the air bag door and, therefore, of the instrument 
panel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing and further objects, features and ad- 
vantages of the present invention will become apparent 
from the following description of preferred embodiments 
with reference to the accompanying drawings, wherein 
like numerals are used to represent like elements and 
wherein: 

Fig. 1 is a perspective view of a first embodiment of 
the air bag apparatus for a passenger seat of the 
invention, wherein a strap is mounted on a door 
base member of an air bag door and passed 
through openings formed in the door base member; 
Fig. 2 is an external perspective view of an instru- 
ment panel formed together with the air bag door 
according to the first embodiment of the invention; 
Fig. 3 is an enlarged vertical sectional view of the 
passenger seat-side air bag apparatus taken on line 
3-3 of the Fig. 2; 

Fig. 4 is an exploded perspective view wherein the 
air bag case shown in Fig. 3 is separated from an 
instrument panel reinforcing member; 
Fig. 5 is a perspective view of a looped cord that 
forms the strap according to the first embodiment 
of the invention; 

Fig. 6 is a perspective view of the strap shown in 
Fig. 5, wherein the strap is partially covered with a 
heat-shrink tube; 

Fig. 7 is an enlarged sectional view of portions of 
the instrument panel and the air bag door, wherein 
the strap covered with the heat-shrink tube is 
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passed through a grommet provided in the air bag 
door base member; 

Fig. 8 is an enlarged perspective view of a support- 
ing bracket shown in Fig. 4; 
Fig. 9 is a perspective view of a strap according to 
another embodiment wherein the strap is covered 
with a urethane resin slab instead of the heat-shrink 
tube shown in Fig. 4; 

Fig. 10 is a perspective view of a second embodi- 
ment of the air bag apparatus for a passenger seat 
of the invention, wherein an air bag door and an air 
bag case are connected by a strap that is passed 
through openings of an air bag door base member 
in a stitching manner; 

Fig. 11 is an external perspective view of an instru- 
ment panel formed together with an air bag door 
wherein the air bag apparatus for a passenger seat 
according to the second embodiment is disposed; 
Fig. 12 is an enlarged vertical sectional view ofthe 
air bag apparatus for a passenger seat taken on line 
12-12 of Fig. 11; 

Fig. 1 3 is a plan view of the air bag door base mem- 
ber shown in Fig. 10; 

Fig. 14 is an enlarged sectional view taken on line 

14- 14 of Fig. 10, wherein the strap is received in a 
groove formed in the air bag door base member; 
Fig. 15 is an enlarged sectional view taken on line 

15- 15 of Fig. 10, wherein the strap is laid in the 
groove of the air bag door base member; 
Fig. 16 illustrates the operation at the time of de- 
ployment of the air bag door; 
Fig. 1 7 is a vertical sectional view wherein the air 
bag door of a related air bag apparatus for a pas- 
senger seat is deployed; and 
Fig. 18 is a broken perspective view of the related 
passenger seat-side air bag apparatus shown in 
Fig. 17. 
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Following embodiments do not limit the claimed in- 
vention and that the discussed combination of features 
might not be absolutely necessary for the inventive so- 
lution. 

Preferred embodiments of the air bag apparatus for 
a passenger seat of the invention will be described in 
detail hereinafter with reference to the accompanying 
drawings. A first embodiment of the invention will be de- 
scribed with reference to Figs. 1 -9. 

Fig. 2 is a perspective view of the exterior of a pas- 
senger seat-side portion of an instrument panel 10. Fig. 
3 is a vertical sectional view of a structure of an air bag 
apparatus 1 8 for a passenger seat disposed in the pas- 
senger seat-side portion of the instrument panel 1 0. The 
air bag apparatus 18 for a passenger seat will be de- 
scribed later. 

The instrument panel 10 includes, as shown in Fig. 
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3, an instrument panel shell 1 1 formed from a soft resin 
material and disposed on a passenger compartment in- 
terior side, an instrument panel base member 1 7 formed 
from a hard resin material and spaced from the instru- 
ment panel shell 11 at a predetermined interval, and a 
foam layer 16 formed from urethane foam charged into 
a space between the instrument panel shell 11 and the 
instrument panel base member 1 7. 

The passenger seat-side air bag apparatus 18 in- 
cludes an air bag door 20 disposed in a passenger seat- 
side upper portion ofthe instrument panel 1 0, and a main 
body portion 22 disposed behind or beneath the air baa 
door 20. y 

More specifically, the main body portion 22 is dis- 
posed downward relative to the vehicle from a generally 
rectangular opening 24 that is formed at a predeter- 
mined location in the passenger seat-side upper portion 
of the instrument panel base member 1 7. The main body 
portion 22 is provided with a metallic air bag case 26, 
as shown in Fig. 4, which is formed generally in a box 
shape by a forward wall portion 26A whose lower portion 
forms a bottom wall portion, a rearward portion 26B and 
two side wall portions 26C. A pair of mounting brackets 
30 are fixed at opposite side end portions of a lower por- 
tion of the forward wall portion 26A. Each mounting 
bracket 30 is provided with a welded nut 28 fixed thereto. 
Corresponding to the mounting brackets 30, a pair of 
mounting seats 34 are formed on a high-strength instru- 
ment panel reinforcing member 32 disposed inwardly 
from the instrument panel 10 in such a posture that the 
length of the instrument panel reinforcing member 32 
extends substantially in a transverse direction relative 
to the vehicle. The air bag case 26 is fixed to the instru- 
ment panel reinforcing member 32 by engaging the 
mounting brackets 30 with the mounting seats 34 and 
• screwing fixing bolts 36 into the welded nuts 28. 

A generally cylindrical inflator 38 is disposed in a 
lower portion of an interior space of the air bag case 26. 
An example of the construction of the inflator 38 will be 
briefly described. A plurality of gas ejecting holes (not 
shown) are formed in the peripheral wall of the generally 
cylindrical inflator 38. The inflator 38 contains therein a 
squib connected to a center control unit disposed below 
a console box so as to function as an igniting device an 
ignitable member that is ignited by a predetermined 
electric current through the squib, a fire leading member 
for leading fire flame from the ignitable member to a gas 
generating agent at the time of ignition of the ignitable 
member, a gas generating agent that generates a large 
amount of gas when burning, a filter for removing debris 
after combustion of the gas generating agent, and the 
like. The center control unit is connected to sensors (not 
shown) disposed at front opposite side portions and the 
like in the vehicle for detecting application of a prede- 
termined load to a front portion of the vehicle. 

A bag 40, folded in a predetermined folding manner, 
is disposed in an upper portion of the interior space of 
the air bag case 26. That is, the folded bag 40 is housed 
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between the inflator 38 and the air bag door 20. An end 
portion of the bag 40 is fixed to the forward wall portion 
26A and the rearward portion 26B of the air bag case 
26 using retainers or the like (not shown), bolts 41 and 
nuts 43. 

The air bag door 20 confining the main body portion 
22 of the passenger seat -side air bag apparatus 18 fac- 
es the windshield pane 42, as shown in Fig. 3. The air 
bag door 20 includes a door shell 44 disposed on the 
passenger compartment interior side and formed from 
the same soft resin material as that of the instrument 
panel shell 11, a generally rectangular metallic door 
base member 46 spaced from the door shell 44 at a pre- 
determined interval, and a foam layer 48 charged into 
the space between the door shell 44 and the door base 
member 46. Although provided with a different refer- 
ence numeral, the foam layer 48 is a portion ofthe foam 
layer 16 ofthe instrument panel 10. The foam layer 48 
ofthe air bag door 20 is formed from urethane foam, as 
in the air bag case 26. A peripheral end portion of the 
door shell 44 and a peripheral end portion of the instru- 
ment panel shell 11 are bent together downward relative 
to the vehicle and attached closely to each other. 

The door base member 46 includes, as shown in 
Fig. 1 , a generally rectangular door base member sup- 
port portion 50, and a generally rectangular flat plate- 
like door base main body 52 spaced inward from the 
door base member support portion 50 by a predeter- 
mined gap. Recesses 54 are formed near opposite side 
ends of a forward end portion of the door base member 
support portion 50 and at a midpoint of a rearward end 
portion of the door base member support portion 50. A 
welded bolt 56 is disposed into each recess 54 from 
above, and welded thereto. Corresponding to the weld- 
ed bolts 56, bolt insert holes are formed in a peripheral 
portion surrounding the opening 24 of the instrument 
panel base member 17 so that the bolt insert holes co- 
axially face the corresponding welded bolts 56. Gener- 
ally rectangular narrow plate-like mounting flanges 58 
(see Fig. 4) are formed near opposite side ends of an 
upper end of the forward wall portion 26A and at a mid- 
point of an upper end of the rearward portion 26B of the 
air bag case 26. The mounting flanges 58 are formed 
integrally or unitarily with the air bag case 26. Each 
mounting flange 58 has an bolt insert hole that is formed 
as a circular hole or an elongated hole for absorbing 
mounting errors. 

The door base member support portion 50 of the 
door base member 46 and the mounting flanges 58 of 
the air bag case 26 are fastened together, as shown in 
Fig. 3, to the peripheral portion surrounding the opening 
24 ofthe instrument panel base member 17 by inserting 
the welded bolts 56 of the door base member 46 into 
the bolt insert holes of the instrument panel base mem- 
ber 17 and the bolt insert holes ofthe mounting flanges 
58 ofthe air bag case 26 and screwing nuts 60 to the 
ends of the welded bolts 56 protruding from the mount- 
ing flanges 58. 



A forward end of the door base main body 52 dis- 
posed within the door base member support portion 50 
and a forward end of the door base member support por- 
tion 50 are interconnected by a hinge portion 62 protrud- 
5 ing toward the door shell 44. Thus, the door base main 
body 52 is supported to the door base member support 
portion 50 by the hinge portion 62 in a cantilevered man- 
ner. A peripheral end portion (edge portion) of the door 
base main body 52 is folded back onto its upper surface. 
to Two raised portions 64, protruding toward the door shell 
44, extend in large areas in forward and rearward por- 
tions of the door base main body 52. A reinforcing rib 
66 extends in a middle portion of each raised portion 64 
substantially in a transverse direction relative to the ve- 
15 hide, more specifically, in a portion in the middle in the 
front-to-rear direction. The transversely-extending rein- 
forcing ribs 66 are provided in the form of grooves that 
protrude toward the air bag case 26. Another groove- 
shaped reinforcing rib 68, also protruding toward the air 
20 bag case 26, is disposed between the forward and rear- 
ward raised portions 64 and extends substantially in a 
transverse direction relative to the vehicle. 

A circular hole is formed in each of opposite side 
end portions of a rearward end portion of the door base 
2B member 46 (more specifically, at opposite ends of the 
reinforcing rib 68 disposed between the forward and 
rearward raised portions 64 of the door base main body 
52). Each circular hole is provided with a metallic grom- 
met 70 : 72 that is fitted to the inner peripheral edge of 
30 the hole for preventing the inner peripheral edge from 
catching or dragging a strap 76 and a heat-shrink tube 
78 described below (see Fig. I and also Fig. 7). 

The strap 76, formed of a single resin-made cord, 
is passed through the grommets 70, 72 of the door base 
3S member 46. The strap 76 is a loop of a single cord, as 
shown in Fig. 5, formed by matching-up the two ends of 
the cord and knotting them together in a single-turn 
manner, so that the strap 76 has a single knot 76A. The 
cord ofthe strap 76 has predetermined dimensions and 
40 may be a polyester yarn-woven cord. 

An intermediate portion 76B of the strap 76 (a por- 
tion other than two end portions 76C, 76D) is covered 
with the heat-shrink tube 78 as shown in Fig. 6. The 
heat-shrink tube 78 is, for example, a transparent thin- 
gs wall tube formed from, for example, a vinyl chloride resin 
or the like. The strap 76 is passed through the heat- 
shrink tube 78 by inserting the end portion 76C of the 
strap 76 that does not have the knot 76A into the heat- 
shrink tube 78 and moving it through until the heat- 
so shrink tube 78 comes to the intermediate portion 76B. 
While being held at this position, the heat-shrink tube 
78 is heated to shrink. When the heat-shrink tube 78 is 
to be heat-shrunk, it is preferred that the knot 76A be 
not positioned in the end portion 76D (76C) but posi- 
55 tioned apart from the end portion. Once the intermediate 
portion 76B of the strap 76 is firmly covered with the 
heat-shrink tube 78 by the heat treatment, the strap 76, 
having a close contact double strand formation within 
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the heat-shrink tube 78. resists being slid relative to the 
strap 76 to some extent, but can be slid relative to the 
heat-shrink tube 78 if a force of a predetermined value 
or greater is applied thereto. 

The strap 76, partially covered with the heat-shrink 
tube 78, is then passed through one of the grommets 
70 and passed through the other grommet 72, with the 
end portion 76C of the strap 76 remote from the knot 
76A being the leading end, so that the intermediate por- 
tion 76B of the strap 76 lies along the grooveshaped re- 
inforcing rib 68 and the end portions 76C, 76D hang from 
the grommets 72, 70. The length of the heat-shrink tube 
78 is predetermined such that two end portions of the 
heat-shrink tube 78 are present respectively in the 
grommets 70, 72 when the strap 76 is set as described 
above. 

Metallic supporting brackets 80 for stopping the cor- 
responding end portions 76C, 76D of the strap 76 are 
disposed respectively on the two side wall portions 26C 
of the air bag case 26 as shown in Figs. 4 and 8. Each 
supporting bracket 80 is provided with a stopper piece 
80A having a generally shape that opens downward, 
a pair of connecting pieces 80B, 80C extending from the 
two open ends of the stopper piece 80A in an outward 
direction from the air bag case 26, and a pair of rectan- 
gular mounting pieces 80D, 80E extending from the for- 
ward and rearward ends of an upper portion of the stop- 
per piece 80A in opposite directions. 

The supporting brackets 80 are fixed to the side wall 
portions 26C of the air bag case 26 by spot-welding the 
mounting pieces 80D, 80E to the side wall portions. The 
connecting pieces 80B, 80C of each supporting bracket 
80, facing each other in a vertical direction, have elon- 
gated bolt-insert holes that are coaxial in the vertical di- 
rection. The connecting piece 80B, which is the upper 
connecting piece, carries on its upper surface a welded 
nut 82 that is welded thereto beforehand. After each end 
portion 76C, 76D of the strap 76 is engaged with the 
stopper piece 80A of the corresponding supporting 
bracket 80 by inserting the end portion of the strap 76 
through an opening between the connecting pieces 
80B, 80C, the connecting pieces 80B, 80C of each sup- 
porting bracket 80 are held in close contact with each 
other by screwing a bolt 84 to the welded nut 82, so that 
the air bag door 20 becomes connected to the air baq 
case 26 by the strap 76. 

The supporting brackets 80 are designed in 
strength so that when the stopper piece 80A receives 
from the strap 76 a load equal to or greater than a pre- 
determined value (a value that enables prevention of 
breakage of the strap 76, for example, a value that is 
slightly less than the tensile strength of the strap 76), 
the stopper piece 80A plastically deforms. 

The operation and advantage of the first embodi- 
ment of the invention will be described. 

When a predetermined high load is applied to a front 
portion of the vehicle, that is, when the vehicle is rapidly 
decelerated, the state of rapid deceleration is detected 



by a sensor. In response, the center control unit supplies 
a predetermined current to the squib of the inflator 38 
The inflator 38 is thereby operated to eject gas from the 
gas ejecting holes ofthe inflator 38 into the bag 40 Due 
5 to the pressures from the expanding bag 40, the air bag 
door 20 is deployed toward the windshield pane 42 piv- 
otally about the hinge portion 62. Simultaneously, the 
bag 40 is expanded toward the passenger seat As the 
air bag door 20 thus opens, the strap 76, connecting the 
" air bag door 20 to the air bag case 26, becomes extend- 
ed and taut, thereby restricting the deployment angle of 
the air bag door 20. Therefore, the interference between 
the air bag door 20 and the windshield pane 42 is sub- 
stantially prevented. 
1S In the first embodiment of the invention, the grom- 
mets 70, 72 are provided near the opposite side ends 
of a rear end portion of the door base member 46 of the 
air bag door 20 and the strap 76- partially covered with 
the heat-shrink tube 78 are passed through the grom- 
20 mets 70, 72, with the intermediate portion 76B of the 
strap 76 lying on a surface of the door base member 46 
between the grommets 70, 72. Since the intermediate 
portion 76B of the strap 76, covering a great extension, 
bears the bag expanding pressure applied to the door 
25 base member 46, the load from the expanding bag onto 
the door base member 46 will not be locally concentrat- 
ed. Therefore, the need to provide a separate reinforc- 
ing member for the door base member 46 to cope with 
stress concentration is eliminated, so that an undesired 
30 increase in the inertia! mass of the air bag door 20 is 
eliminated. Consequently, the first embodiment of the 
invention makes it possible to reliably restrict the deploy- 
ment angle of the air bag door 20 to a predetermined 
angle without increasing the inertial mass ofthe air baa 
35 door 20. y 

The first embodiment is based on an arrangement 
wherein the air bag door 20 is made up of three layers' 
the door base member 46 forming the reverse (interior) 
surface of the air bag door 20, the door shell 44 spaced 
40 from the door base member 46 and forming a design 
(exterior) surface of the air bag door 20, and the foam 
layer 48 charged between the door base member 46 
and the door shell 44. If the strap 76 were not covered 
with the heat-shrink tube 78 in this arrangement the 
45 strap 76 would be degraded by an influence (so-called 
amine attack) of a component material of the foam layer 
48 due to changes of the foam layer 48 overtime. In this 
embodiment, however, the strap 76 is covered with the 
heat-shrink tube 78, which has a characteristic for pro- 
50 tecting the strap 76 from the influence of a component 
material of the foam layer 48. Therefore, the strap 76 is 
not adversely affected by the component material of the 
foam layer 48. The embodiment thus protects the strap 
76 from the influence of the concerned component ma- 
55 terial of the foam layer 48 (more specifically, so-called 
amine attack wherein the polyester yarns of the strap 
are hydrolyzed and thus degrade over time). 

Furthermore, since the strap 76 is movable relative 
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to the heat -shrink tube 78 covering the strap 76, the first 
embodiment of the invention achieves the following ad- 
vantages. Since the heat-shrink tube 78 is adhered to 
the foam layer 48 during the process of forming the air 
bag door 20, the heat-shrink tube 78 will not slide rela- 
tive to the door base member 46. However, since the 
heat-shrink tube 78 is not adhered to the strap 76 ex- 
tending therethrough although they are disposed in 
close contact with each other, the strap 76 can move 
relatively to the heat-shrink tube 78 if the strap 76 re- 
ceives a relatively great load. Therefore, when the air 
bag door 20 is connected to the air bag case 26 by the 
strap 76, differences (variations) are allowed between 
the lengths of the end portions 76C and 76D of the strap 
76 extending out of the grommets 70, 72 disposed near 
the opposite side ends of the door base member 46. 
Such a difference between the lengths of the end por- 
tions 76C and 76D will be eliminated by a shift of the 
strap 76 relative to the heat-shrink tube 78 when the air 
bag door 20 is deployed. 

That is, in the first embodiment of the invention, po- 
tential variations (deviations) in the length of each end 
portion 76C, 76D of the strap 76 at the time of connec- 
tion between the air bag door 20 and the air bag case 
26 by the strap 76 will be eliminated at the time of air 
bag deployment since the load of the air bag door 20 
being deployed onto the strap 76 causes the strap 76 to 
shift relative to the heat-shrink tube 78. Consequently, 
the first embodiment prevents the air bag door 20 from 
taking an inclined posture while being deployed toward 
the windshield pane 42. 

Furthermore, in this embodiment, the strap 76 is 
formed of a loop of a cord formed by knotting the two 
end portions of the cord, and the looped cord is passed 
through the heat-shrink tube 78 in such a manner that 
the two strands of the looped cord in the heat-shrink tube 
78 closely contact each other and are slidable. With this 
construction, the first embodiment achieves the follow- 
ing advantages. 

Since the strap 76 is formed of a looped cord formed 
by knotting the two end portions of the cord, the strap 
76 has only one knot 76A. Since the looped cord is 
passed through the heat-shrink tube 78 so that the 
looped cord is in close contact with but slidable relative 
to the heat-shrink tube 78, the end portions 76C, 76D of 
the strap 76 not having the knot 76A may be sequentially 
passed through the grommets 70, 72 of the door base 
member 46. In comparison with a construction wherein 
after a linear cord is passed through the grommets 70, 
72 of the door base member 46, end loops are formed 
by knotting each end portion of the cord, the construc- 
tion of the first embodiment eliminates the need to knot 
the cord after the cord is passed through the grommets 
70, 72 of the door base member 46, and requires the 
operation, of forming a knot to be performed only once. 
Consequently, the first embodiment improves efficiency 
in the mounting of the strap 76 to the door base member 
46. 



Furthermore, the intermediate portion 76B of the 
strap 76 formed of a looped cord is disposed in close 
contact with the heat-shrink tube 78, without forming a 
gap therebetween. Thus, owing to the heat-shrink tube 
5 78, the slacking of the intermediate portion 76B of the 
strap 76 can be prevented and a constant diameter of 
the intermediate portion 76B of the strap 76 can be 
achieved. In these respects, too, the first embodiment 
improves the efficiency in connecting the strap 76 to the 
10 door base member 46. 

Further, since the heat-shrink tube 78 restricts the 
position of the knot 76A of the strap 76, the danger of 
the knot 76A impeding the mounting of the strap 76 to 
the supporting bracket 80 can be eliminated. In this re- 
*s spect, too, the first embodiment improves the efficiency 
in connecting the strap 76 to the door base member 46 
and to the supporting bracket 80. 

Further, in the first embodiment of the invention, 
each of the supporting brackets 80 fixed to the side wall 
20 portions 26C of the air bag case 26 is provided with the 
stopper piece 80A of a generally "LT shape designed to 
plastically deform upon reception of a load equal to or 
greater than a predetermined value. The end portions 
76C, 76D of the strap 76 formed of a looped cord are 
2S passed through the stopper pieces 80A of the support- 
ing brackets 80, and the connecting pieces 8013, 80C 
of each supporting bracket 80 are interconnected by the 
welded nut 82 and the bolt 84. Therefore, when the air 
bag door 20 is deployed by bag expanding pressures, 
30 pulling loads are applied to the stopper piece 80A of 
each supporting bracket 80, through which the corre- 
sponding end portion 76C, 76D of the strap 76 extends. 
When the pulling load from the strap 76 reaches or ex- 
ceeds the predetermined value, the supporting brackets 
3S 80 plastically deform. During the plastic deformation of 
the supporting brackets 80, the tensile load on the strap 
76 is absorbed. Consequently, the first embodiment pre- 
vents breakage of the strap 76. 

The supporting brackets 80 have a generally 
40 shape whose opening faces downward before the end 
portions 76C, 76D of the strap 76 are engaged there- 
with. After the end portions 76C, 76D of the strap 76 are 
passed through the stopper pieces 80A of the support- 
ing brackets 80, the connecting pieces 80B, 80C of each 
45 supponing bracket 80 are interconnected by the welded 
nut 82 and the bolt 84. Therefore, the end portions 76C, 
76D of the strap 76 can easily be connected to the air 
bag case 26 without needing to use additional tabs or 
the like. Consequently the first embodiment improves 
50 productivity. 

Further, in the first embodiment of the invention, the 
groove-shaped reinforcing rib 68 extends in the upper 
surface of the door base member 46 substantially in a 
transverse direction relative to the vehicle and protrudes 
ss downward relative to the vehicle, and the intermediate 
portion 76B of the strap 76 is laid in the groove-shaped 
reinforcing rib 68. Therefore, the difference between the 
plate thickness of the portion of the air bag door 20 



8 



BNSDCCID: <EP 



0872389A2J_> 



15 



EP 0 872 389 A2 



16 



where the intermediate portion 76B of the strap 76 is 
disposed and the plate thickness of another portion of 
the air bag door 20, where the strap 76 is not disposed, 
can be reduced. Consequently, it becomes possible to 
reduce the adverse effects of the door base member 46 s 
on the door shell 44 (design surface) of the air bag door 
20 (for example, dents or protuberances on the design 
surface). Thus, the first embodiment allows improve- 
ments in the exterior appearance and quality of the air 
bag door 20. 10 

Further, since the rib 68 for reinforcement also 
serves as a housing for the strap 76, the strength of the 
door base member 46 can be increased without increas- 
ing the total mass of the air bag door 20. 

Further, in the first embodiment of the invention, the is 
instrument panel 10 has a three-layer structure made 
up of the instrument panel base member 17 forming the 
reverse surface of the instrument panel 10, the instru- 
ment panel shell 11 spaced from the instrument panel 
base member 17, and the foam layer 16 charged be- 20 
tween the instrument panel base member 17 and the 
instrument panel shell 11, and the instrument panel 10 
is formed together with the air bag door 20 having sub- 
stantially the same three-layer structure. Therefore, the 
production of the air bag door 20 and the instrument 25 
panel 10 is facilitated. 

More specifically, the instrument panel 10 and the 
air bag door 20 can easily be produced as a single unit 
by setting the door base member 46 together with the 
strap 76 mounted thereon and the instrument panel 30 
base member 17 in a mold (not shown), and setting the 
door shell 44 and the instrument panel shell 11 in the 
mold with a space left between them and the door base 
member 46 and the instrument panel base member 17, 
and then performing foaming molding. Therefore, the 35 
first embodiment improves productivity and reduces the 
costs. In addition, the aforementioned unitary molding 
of the air bag door 20 and the instrument panel 10 
achieves rigid and flush-surface connection between 
the air bag door 20 and the instrument panel 1 0, thereby 40 
improving the exterior appearance and quality of the in- 
strument panel 10. 

A second embodiment of the invention will now be 
described with reference to Figs. 10-16. 

Fig. 11 is an external perspective view of an instru- 45 
ment panel 90 and an air bag door disposed in a pas- 
senger seat-side portion. Fig. 12 is a vertical sectional 
view of an air bag apparatus 98 for a passenger seat 
disposed in the passenger seat-side portion. 

The instrument panel 90 includes, as shown in Fig. so 
10-12, an instrument panel shell 92 formed from a soft 
resin material and disposed on a compartment interior 
side, an instrument panel base member 94 formed from 
a hard resin material and spaced from the instrument 
panel shell 92 at a predetermined interval, and a foam S5 
layer 96 formed from urethane foam charged into a 
space between the instrument panel shell 92 and the 
instrument panel base member 94. 



The passenger seat-side air bag apparatus 98 in- 
cludes an air bag door 100 disposed in a passenger 
seat-side upper portion of the instrument panel 90. and 
a main body portion 102 disposed behind or beneath 
the air bag door 100. 

More specifically, the main body portion 102 is dis- 
posed downward relative to the vehicle from a generally 
rectangular opening 104 that is formed at a predeter- 
mined location in the passenger seat-side upper portion 
of the instrument panel base member 94. The main body 
portion 102 is provided with a metallic air bag case 106 
which is formed generally in a box shape by a forward 
wall portion 106A, a rearward portion 106B, two side 
wall portions 106C, and a bottom wall portion 106D. A 
pair of mounting brackets 110 are fixed to a reverse sur- 
face of the bottom wall portion 106D of the air bag case 
106, near the opposite side ends ofthe bottom wall por- 
tion 106D. Corresponding to the mounting brackets 30, 
a pair of mounting brackets 114 are formed on a high- 
strength instrument panel reinforcing member 112 dis- 
posed inwardly from the instrument panel 90 in such a 
posture that the length of the instrument panel reinforc- 
ing member 112 extends substantially in a transverse 
direction relative to the vehicle. Each mounting bracket 
114 is provided with a welded nut 113 welded thereto. 
The air bag case 106 is fixed to the instrument panel 
reinlorcing member 1 1 2 by aligning the mounting brack- 
ets 1 1 0 of the air bag case 1 06 to the mounting brackets 
1 1 4 of the instrument panel reinforcing member 1 1 2 and 
screwing fixing bolts 116 into the welded nuts 113. 

A generally cylindrical inflator 118 is disposed in a 
forward portion of an interior space of the air bag case 
106. The inflator 118 has a squib, an ignitable member, 
a fire leading member, a gas generator and a filter and 
is connected to a center control unit (not shown) as in 
the first embodiment. 

A bag 120, folded in a predetermined folding man- 
ner (zigzag folding, rolled folding), is disposed in a rear- 
ward portion of the interior space of the air bag case 
106. An end portion of the bag 120 is fixed to an upper 
end portion of the air bag case 106 using narrow retain- 
ers 130 and fixing members 132. A diffuser 134 is dis- 
posed between the inflator 118 and the bag 120, for rec- 
tifying gas ejected from the inflator 118. 

The air bag door 100 confining the main body por- 
tion 1 02 ofthe passenger seat-side air bag apparatus 98 
faces a windshield pane 122, as shown in Fig. 12. The 
air bag door 100 includes a door shell 124 disposed on 
the compartment interior side and forming a portion of 
the instrument panel shell 92 (different reference nu- 
merals are used for distinguishment), a generally rec- 
tangular door base member 126 formed from a hard res- 
in and spaced from the door shell 124 at a predeter- 
mined interval, and a foam layer 128 charged into the 
space between the door shell 124 and the door base 
member 126 and forming a portion of the foam layer 96 
of the instrument panel 90 (different reference numerals 
are used for distinguishment). The foam layer 128 is 
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formed from urethane foam as in the first embodiment. 

A stepped portion 126A, lowered in a downward di- 
rection relative to the vehicle, is formed together with a 
peripheral end portion of the door base member 126. 
Corresponding to the stepped portion 1 26A, a hook por- 
tion 94A, facing upward, is formed together with a pe- 
ripheral end portion of the instrument panel base mem- 
ber 94 surrounding the opening 104. The stepped por- 
tion 126A and the hook portion 94A are engaged with 
each other. Formed outwardly of the connecting portion 
between the stepped portion 1 26A and the hook portion 
94A is a shell cleavage portion 1 36 that defines the door 
shell 124 from the instrument panel shell 92. The shell 
cleavage portion 1 36 has a "U" sectional shape and ex- 
tends in a generairy square "U" shape in a plan view. 

Formed together with a forward end of the door 
base member 1 26 is a mounting portion 1 26B extending 
in a narrow shape such that the length thereof is in a 
substantially transverse direction relative to the vehicle. 
The mounting portion 1 26B is placed in firm contact with 
an upper surface of a forward edge portion of the instru- 
ment panel base member 94 partially defining the open- 
ing 104, and fixed thereto by a bolt 138 and a nut 140. 

Referring now to Figs. 13-15 and Fig. 10, a pair of 
grooves 142, 144 are formed in a rearward end-side por- 
tion of the door base member 126,. extending along the 
rearward end thereof (substantially in a transverse di- 
rection relative to the vehicle). Each groove 142, 144 
includes a lower and narrower groove portion 142A, 
144A and an upper and wider groove portion 142B, 
144B that are continuous to each other and therefore 
form a stepped groove sectional shape (see Figs. 14 
and 15). The forward end surfaces of the lower groove 
portion 142A, 144Aandthe upper groove portion 142B, 
1 44B of each groove 1 42, 1 44 are vertical surfaces sub- 
stantially perpendicular to the bottom surface of the 
groove 1 42, 1 44, while the rearward end surfaces of the 
lower groove portion 142A, 144A and the upper groove 
portion 142B, 144Bare inclined rearward relative to the 
bottom surface ofthe groove 142, 144. Portions of the 
door base member 126 in which the grooves 142, 144 
are formed protrude in a downward direction relative to 
the vehicle. 

Formed at opposite ends of the lower groove por- 
tion 142A of one of the grooves 142 in the lengthwise 
direction are a first insert hole 146 and a second insert 
hole 1 48 that have a generally elliptic shape and extend 
through the thickness of the door base member 1 26 (see 
Fig. 13). Likewise, a third insert hole 150 and a fourth 
insert hole 1 52 are formed at opposite ends ofthe lower 
groove portion 144 A ofthe other groove 144 in the 
lengthwise direction. A resin-made strap 154 formed of 
a polyester cord is passed through the first to the fourth 
insert holes 146, 148, 150, 152 in a plain stitch manner. 

More specifically, the strap 154 is a loop of a single 
cord of predetermined dimensions formed by matching- 
up the two ends of the cord and knotting them together 
in a single-turn manner, so that the strap 1 54 has a sin- 



gle knot 1 54A. After the knot 1 54A of the looped strap 
154 is positioned under a portion between the grooves 
142, 144, one end portion 154B of the strap 154 is 
passed through the second insert hole 1 48 of the groove 
5 142 to the upper surface of the door base member 126. 
The end portion 154B of the strap 154 is then passed 
through the first insert hole 146 to the lower surface of 
the door base member 126 while two strand portions of 
the looped strap 154 are laid in the lower groove portion 
io 142A ofthe groove 142. Likewise, the other end portion 
154C ofthe strap 154 is passed through the third insert 
hole 150 of the other groove 144 to the upper surface 
of the door base member 126. The end portion 154C of 
the strap 154 is then passed through the fourth insert 
is hole 1 52 to the lower surface of the door base member 
126 while two strand portions ofthe strap 1 54 are laid in 
the lower groove portion 1 44A of the groove 1 44. There- 
by, the strap 154 is laid on the door base member 126 
in a plain stitch manner, extending alternately on the 
20 lower and upper surfaces of the door base member 1 26, 
that is, from the lower surface, the upper surface, the 
lower surface and the upper surface onto the lower sur- 
face, as shown in Fig. 10. 

After the strap 154 is laid in the grooves 142, 144, 
25 resin-made cover members 156, 158 are fitted into the 
grooves 142, 144, respectively, as shown in Figs. 10, 14 
and 15. The grooves 142, 144 are thereby closed.' As 
shown in Fig. 1 4, each cover member 1 56 : 1 58 is formed 
by a generally rectangular flat upper plate portion 156A, 
30 158A, and a first leg portion 156B, 158B and a second 
leg portion 1 56C : 1 58C that extend parallel to each other 
from a reverse surface of the upper plate portion 156A, 
158A. The forward end surface shape of each cover 
member 156, 158 conforms to the forward end surface 
35 shape ofthe groove 142, 144, and the rearward end sur- 
face shape of each cover member 156, 158 conforms 
to the rearward end surface shape of the groove 142, 
144. The interval between the first leg portion 156B, 
158B and the second leg portion 156C, 158C of each 
40 cover member 1 5 6, 1 5 8 is set to a size corresponding 
to two strands of the looped cord of the strap 154. After 
the strap 1 54 is laid in the grooves 1 42, 1 44 and covered 
with the cover members 1 56, 1 58, the boundary portions 
between the upper plate portion 156A, 158 A of each 
45 cover member 156, 158 and the upper surface of the 
door base member 126 are heat -fused (fused portions 
are represented by a reference numeral 160 in Fig. 14). 

Metallic supporting brackets 162 for stopping the 
corresponding end portions 154C, 154D of the strap 154 
50 are disposed respectively on the two side wall portions 
106C of the air bag case 106 as shown in Fig. 10. Each 
supporting bracket 162 is provided with a stopper piece 
162A having a generally "U 1 shape that opens down- 
ward, a pair of connecting pieces 1 62B, 1 62C extending 
55 from the two open ends of the stopper piece 1 62A in an 
outward direction from the air bag case 106, and a pair 
of rectangular mounting pieces 162D, 162E extending 
from the forward and rearward ends of an upper portion 
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of the stopper piece 1 62A in opposite directions. The 
supporting brackets 1 62 are fixed to the side wall por- 
tions 106C ofthe air bag case 106 by spot-welding the 
mounting pieces 162D, 162E to the side wall portions. 
The connecting pieces 162B, 162C of each supporting 
bracket 162, facing each other in a vertical direction, 
have elongated bolt-insert holes that are coaxial in the 
vertical direction. The connecting piece 162B, which is 
the upper connecting piece, carries on its upper surface 
a welded nut 164 that is welded thereto beforehand. Af- 
ter each end portion 154B, 154C of the strap 154 is en- 
gaged with the stopper piece 1 62A of the corresponding 
supporting bracket 162 by inserting the end portion of 
the strap 154 through an opening between the connect- 
ing pieces 162B, 162C, the connecting pieces 162B, 
162C of each supporting bracket 162 are held in close 
contact with each other by screwing a bolt 166 to the 
welded nut 164, so that the air bag door 100 becomes 
connected to the air bag case 106 by the strap 154. 

The supporting brackets 162 are designed in 
strength so that when the stopper piece 162A receives 
from the strap 1 54 a load equal to or greater than a pre- 
determined value (a value that allows prevention of 
breakage of the strap 154, for example, a value that is 
slightly less than the tensile strength of the strap 154), 
the stopper piece 162A plastically deforms. 

The operation and advantage of the second embod- 
iment of the invention will be described. When a prede- 
termined high load is applied to a front portion of the 
vehicle, that is, when the vehicle is rapidly decelerated, 
the state of rapid deceleration is detected by a sensor. 
In response, the center control unit supplies a predeter- 
mined current to the squ ib of the inf lator 1 1 8. The inflator 
1 18 is thereby operated to eject gas from the gas eject- 
ing holes of the inflator 118 into the bag 120. Due to the 
pressures from the expanding bag 120, the air bag door 
100 is pivotally deployed toward the windshield pane 
122. Simultaneously, the bag 120 is expanded toward 
the passenger seat. As the air bag door 1 00 thus opens, 
the strap 154 , connecting the air bag door 100 to the 
air bag case 106, becomes extended and taut, thereby 
restricting the deployment angle of the air bag door 1 00. 
Therefore, interference between the air bag door 100 
and the windshield pane 122 is substantially prevented. 

In the second embodiment of the invention, the 
strap 154 is laid on a rear end side portion of the door 
base member 126 forming the lower surface of the air 
bag door 100, extending substantially in a transverse 
direction relative to the vehicle in a plain stitch manner, 
so that the strap 1 54 forms a plurality of upper side por- 
tions 1 54D, 1 54E extending on the upper surface of the 
door base member 126 (that is, portions housed in the 
grooves 142, 144). Therefore, the bag expanding pres- 
sure is applied to each of the upper side-extending por- 
tions 154D, 154E of the strap 154. More specifically, 
whereas in the conventional construction, the bag ex- 
panding pressure F is applied most severely to an inter- 
mediate portion of the air bag door 100 in substantially 



the transverse direction of the vehicle as indicated in the 
schematic drawing of Fig. 16, the second embodiment 
of the invention achieves dispersed application of the 
bag expanding pressures F to both side portions of the 
5 air bag door 1 00. Thus, the distribution of bag expanding 
pressures applied to the air bag door 100 can be sub- 
stantially leveled off. Therefore, the second embodi- 
ment ofthe invention substantially reduces the air bag 
door 100 deployed from being curved. 
io Since the aforementioned operation and advantage 
is achieved by the stitching layout of the strap 154, the 
need to provide an air bag door with a special rib or the 
like for a rigidity increase as in the conventional con- 
struction is eliminated. The thickness of the entire air 
15 bag door 100 can be correspondingly reduced. There- 
fore, the second embodiment of the invention does not 
require an increase in the inertial mass of the air bag 
door 100. 

Further, in the second embodiment of the invention, 
20 since the strap 154 is formed of a resin-made cord, a 
desirable strength of the strap 154 can be achieved by 
selecting a suitable resin material. One example of a 
suitable resin material for use in the second embodi- 
ment is a polyester cord that forms the strap 1 54, so that 
25 the strap 154 is excellent in tensile strength, durability, 
heat resistance and flexibility. 

Further, in the second embodiment of the invention, 
the upper surface of the door base member 126 is pro- 
vided with the groove 142 extending substantially in a 
30 transverse direction relative to the vehicle and having 
the first insert hole 146 and the second insert hole 148 
at the opposite ends thereof and the groove 1 44 extend- 
ing substantially in a transverse direction relative to the 
vehicle and having the third insert hole 150 and the 
35 fourth insert hole 152 at the opposite ends thereof, for 
receiving portions of the strap 154 extending on the up- 
per surface of the door base member 126. The two 
strands of the looped cord of the strap 154 are laid in 
parallel and in close contact within the lower groove por- 
40 tion 142 A, 144 A of each groove 142, 144, and covered 
with the cover members 156, 158. Therefore, it be- 
comes possible and easy to connect the strap 154 to a 
rear end portion of the door base member 126 in a firm 
and neat placement. Consequently the second embod- 
45 jment of the invention prevents the strap 1 54 from wav- 
ing or weaving after the strap 154 is connected to the 
door base member 1 26. 

Further, in the second embodiment of the invention, 
the instrument panel 90 is made up ofthree layers: the 
50 instrument panel base member 94 forming the lower 
surface of the instrument panel 90, the instrument panel 
shell 92 spaced from the instrument panel base member 
94 and forming a design surface, and the foam layer 96 
charged between the instrument panel shell 92 and the 
55 instrument panel base member 94. The air bag door 1 00 
is made up ot three layers: the door base member 126 
forming the lower surface of the air bag door 100, the 
door shell 124 spaced from the door base member 126 
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and forming a design surface, and the foam layer 128 
charged between the door base member 126 and the 
door shell 124. The instrument panel 90 and the air bag 
door 1 00 are formed together. Therefore, the second 
embodiment achieves the following operation and ad- 
vantages. 

Since the cover members 156, 158 are disposed 
between the foam layer 128 and the strap 154 housed 
in the grooves 142, 144 of the door base member 126, 
this construction protects the strap 154 from the influ- 
ence of a component material of the foam layer 128 
(more specifically, so-called amine attack wherein the 
polyester yarns of the strap are hydrolyzed and thus de- 
grade over time). Consequently, the second embodi- 
ment of the invention prevents degradation of the strap 
1 54 over time. 

Owing to the aforementioned construction, the sec- 
ond embodiment of the invention can reduce or mini- 
mize the difference between the plate thickness of a por- 
tion of the door base member 126 where the strap 1 54 
is laid and the plate thickness of the other portion of the 
door base member 126. Therefore, it becomes possible 
to reduce or eliminate the adverse effects of the door 
base member 126 on the door shell 124 of the air bag 
door 1 00 forming the design surface (for example, dents 
or protuberances on the design surface). Thus, the sec- 
ond embodiment allows improvements in the exterior 
appearance and quality of the air bag door 100 and, 
therefore, of the instrument panel 90. 

Further, in the second embodiment of the invention, 
since a predetermined spacing is provided between the 
cover members 156 and 158 (that is, a plurality of divid- 
ed cover members are provided), the cover members 
156, 158 will follow the curving deformation of the air 
bag door 100 at the time of deployment of the air bag 
door 100, thereby preventing the cover members 156, 
158 from breaking or failing apart. More specifically, if a 
single cover member extending in the form a long plate 
is employed, the cover member is prone to fall apart 
from the door base member at the time of curving de- 
formation of the air bag door since the displacement of 
the single elongated cover member relative to the air 
bag door becomes great. In contrast, the second em- 
bodiment of the invention employs the two divided cover 
members 156, 158 instead of a single elongated cover 
member and, at the same time, reduces the curving de- 
formation of the air bag door 100, so that the displace- 
ment of the cover members 156, 158 relative to the air 
bag door 1 00 remains small even if the air bag door 1 00 
curves to some extent. Therefore, the cover members 
1 56, 1 58 readily follow the curving deformation ofthe air 
bag door 100. Consequently, the second embodiment 
of the invention prevents the cover members 156, 158 
from breaking and falling apart from the door base mem- 
ber 126. 

Further, in the second embodiment of the invention, 
the forward end surfaces of the lower groove portion 
142A, 144A and the upper groove portion 142B, 144B 



of each groove 142, 144 are vertical surfaces substan- 
tially perpendicular to the bottom surface of the groove 
142, 144, and the rearward end surfaces of the lower 
groove portion 142A, 144Aandthe upper groove portion 
5 142B, 144B of each groove 142, 144 are inclined rear- 
ward relative to the bottom surface. Corresponding to 
this structure of the grooves, the forward end surface 
shape of each cover member 156, 158 conforms to the 
forward end surface shape of the groove 142, 144, and 
10 the rearward end surface shape of each cover member 
156, 158 conforms to the rearward end surface shape 
of the groove 142, 144. Therefore, the second embodi- 
ment of the invention ensures good operability in fitting 
the strap 154 and the cover members 156, 158 into the 
? £ grooves 142, 144. 

Further, in the second embodiment of the invention, 
each of the supporting brackets 162 fixed to the side 
wall portions 106C of the air bag case 106 is provided 
with the stopper piece 162A of a generally "U" shape 
20 designed to plastically deform upon reception of a load 
equal to or greater than a predetermined value. The end 
portions 1 54B, 1 54C of the strap 1 54 formed of a looped 
cord are passed through the stopper pieces 1 62A of the 
supporting brackets 162, and the connecting pieces 
2$ 162B, 162C of each supporting bracket 162 are inter- 
connected by the welded nut 162 and the bolt 164. 
Therefore, when the air bag door 100 is deployed by 
bag expanding pressures, pulling loads are applied to 
the stopper piece 1 62A of each supporting bracket 162, 
30 through which the corresponding end portion 154B, 
154C ofthe strap 154 extends. When the pulling load 
from the strap 154 reaches or exceeds the predeter- 
mined value, the supporting brackets 162 plastically de- 
form. During the plastic deformation of the supporting 
35 brackets 162, the tensile load on the strap 154 is ab- 
sorbed. Consequently, the second embodiment advan- 
tageously prevents breakage ofthe strap 154. 

Although, in the first and second embodiments, the 
invention is applied to the air bag door 20, 100 movable 
40 or deployable pivotally in a single-hinged manner to- 
ward the windshield pane 42, 122, which construction 
is expected to achieve the greatest advantages, it 
should be apparent that the invention is not limited to 
this construction. For example, it is possible to apply the 
45 invention to a type of air bag door that is deployable piv- 
otally in a double-hinged manner or a type of air bag 
door that is operable pivotally about each of the four 
sides. In these types of air bag doors, too, the invention 
will achieve significant advantages since when de- 
50 ployed, the air bag doors of those types may interfere 
with the windshield pane depending on the position of 
the air bag door, the inclined angle or the radius of cur- 
vature or the like of the windshield pane. In this case, it 
is a door section deployable toward the windshield pane 
55 that the strap is connected to. 

Further, although, in the first and second embodi- 
ments of the invention, the length of the strap 76, 154 
and the amount of plastic deformation of the stopper 
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piece 80A, 162A of each supporting bracket 80. 162 are 
adjusted so that when the air bag door 20, 100 is de- 
ployed, the rearward end portion of the air bag door 20, 
100 will not interfere with the windshield pane 42, 122, 
this is not a requirement. The length ofthe strap 76, 154 
and the amount of plastic deformation of the stopper 
piece 80A, 162A of each supporting bracket 80, 162 
may also be adjusted so that the rearward end portion 
of the air bag door 20, 100 will slightly interfere with the 
windshield pane 42, 122 when the air bag door 20, 100 
is deployed. 

In this case, too, the application of the invention 
causes no increase in the inertial mass of the air bag 
door 20, 100 and therefore minimizes the contact load 
from the air bag door 20, 100 onto the windshield pane 
42, 122. At the same time, the application of the inven- 
tion achieves energy absorption due to the plastic de- 
formation of the stopper piece 80A, 162A of each sup- 
porting bracket 80, 1 62 and therefore further reduces 
the contact load from the air bag door 20, 1 00 onto the 
windshield pane 42, 1 22. Therefore, in this specification, 
the phrase "substantially preventing interference be- 
tween the air bag door and the windshield pane" and 
the like phrases mean both complete prevention ofthe 
contact of the air bag door with the windshield pane and 
allowance of the contact of the air bag door with the 
windshield pane while reducing the contact load. 

Although the first and second embodiments of the 
invention employ a construction wherein the three-layer 
instrument panel 10, 90 are formed together with the 
three-layer air bag door 20, 100, with the door shell 44, 
124 being separated from the instrument panel shell 11, 
92, the invention is not limited to this construction. For 
example, it is also possible to employ a single continu- 
ous shell (so-called invisible type construction). In this 
case : a shell cleavage portion may be provided at a site 
in the single continuous shell corresponding to the door 
shell 44 : 1 24. 

Although, in the first and second embodiments of 
the invention, the invention is applied to the air bag door 
20, 100 formed together with the three-layer instrument 
panel 10, 90, the application of the invention is not lim- 
ited to this type of air bag door. For example, the inven- 
tion may also be applied to a separate air bag door that 
is mounted onto the instrument panel. 

Although, in the first and second embodiments 
ofthe invention, the two side wall portions 26C, 106C of 
the air bag case 26, 106 are respectively provided with 
the supporting brackets 80, 162, and the supporting 
brackets 80, 162 are engaged with the end portions 
76C.76D, 154B, 154C of the strap 76, 154, the invention 
is not restricted by this strap engaging construction. For 
example, the invention may also employ a construction 
wherein end portions 76C, 76D, 154B, 1 54C of the strap 
76, 154 are engaged with the instrument panel base 
member 17,19 or with the instrument panel reinforcing 
member 32, 112 (vehicle body component member) 
supporting the air bag case 26, directly or using support- 



ing brackets disposed thereon. 

Although the first embodiment of the invention em- 
ploys a construction wherein the strap 76 formed of a 
single looped cord is passed through the heat-shrink 
5 tube 78, which is then heated to shrink, the invention is 
not restricted by this construction. For example, the in- 
vention may also employ a construction as shown in Fig. 
9, wherein the intermediate portion 76B of the strap 76 
is wrapped with a cover member 88 formed of a ure- 
io thane slab having a predetermined length, and the open 
end portions of the cover member 88 are adhered to 
each other with an adhesive or the like. 

Although the first and second embodiments of the 
invention use the strap 76 formed of a polyester cord, 
the invention is not restricted by this strap. It is also pos- 
sible to use a cord-shaped or belt -shaped strap formed 
from a flexible resin material that has a high tensile 
strength and excellent durability and excellent heat re- 
sistance. 

20 Although the second embodiment employs a con- 
struction wherein the cover members 156, 158 are heat- 
fused to the door base member 1 26, the invention is not 
restricted by this construction. For example, the inven- 
tion may also employ a construction wherein the cover 
2S members are fixed to the grooves using engaging mem- 
bers such as fitting hooks or claws. 

Although, in the second embodiment, the two sep- 
arate grooves 142, 144 are formed in a rearward end- 
side portion of the door base member 126, the invention 
30 is not restricted by such a construction. It is also possible 
to form three or more grooves in the door base member 
126. 

Although, in the second embodiment, the knot 1 54A 
of the strap 1 54 is disposed under a portion between the 
35 two grooves 142 and 144, the invention is not restricted 
by such a construction. It is also possible to dispose the 
knot 1 54A ofthe strap 1 54 close to or at either one of the 
two supporting brackets 162. 

While the present invention has been described 
40 with reference to what are presently considered to be 
preferred embodiments thereof, it is to be understood 
that the invention is not limited to the disclosed embod- 
iments or constructions. To the contrary, the invention is 
intended to cover various modifications and equivalent 
45 arrangements. 

The above described embodiments of the invention 
can be summarized as follows, in an air bag apparatus 
for a passenger seat, an air bag door has three layers: 
a door base member, a shell and a foam layer charged 
50 between the door base member and the shell. A groove- 
shaped rib is formed in a rearward end-side portion of 
the door base member of the air bag door. A grommet 
is fixed at each of the opposite ends of the rib. A strap 
formed of a looped resin-made cord formed by knotting 
ss the two end portions of the cord is laid in the rib, extend- 
ing through the grommets. The strap is covered with a 
heat-shrink tube that prevents degradation of the strap 
due to influence of a component material of the foam 
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Claims 



1 



An air bag apparatus for a passenger seat, compris- 
ing: 

an air bag door (20) including a foam layer (48) 
deployably provided in a passenger seat-side 10 
upper portion of an instrument panel (1 1 ) so as 
to face a windshield pane; 
an air bag case (26) provided below the air bag 
door (20) and supported by a vehicle body com- 
ponent member (32), the air bag case housing is 
therein an inflator (38) that ejects gas when a 
predetermined high load is applied to a front 
portion of a vehicle, and a bag (40) that is ex- 
panded by the gas from the inflator and thereby 
deploys the air bag door toward the windshield 20 
pane; and, 

restricting means (76) for restricting a deploy- 
ment angle ofthe air bag door to a predeter- 
mined angle in a relationship with the wind- 
shield pane, the restricting means being formed 2s 
from a resin material and having an elongated 
dimension, the restricting means connecting 
the air bag door (20) to either the air bag case 
(26); 

30 

characterized by: 

said air bag door having a door base member 
(46) with said foam layer (48) being provided 
over the door base member; 35 
said restricting means (76) connecting the air 
bag door (20) to either the air bag case (26) or 
the vehicle body component (32), the restricting 
means being provided between the door base 
member (46) and the foam layer (48); and, 40 
degradation preventing means (78) being pro- 
vided for preventing degradation ofthe restrict- 
ing means (76), the degradation preventing 9. 
means having an ability to protect the restrict- 
ing means from a component material ofthe 45 
foam layer (48) and covering the restricting 
means (76). 



4. 



5. 



6. 



7. 



8. 



preventing means (78) prevents hydrolysis of the 
restricting means (76) due to contact with the foam 
layer (48). 

An air bag apparatus for a passenger seat accord- 
ing to claim 1 , wherein the restricting means (76) is 
slidably covered with the degradation preventing 
means (78). 

An air bag apparatus for a passenger seat accord- 
ing to claim 1, wherein the restricting means in- 
cludes a looped cord (76) formed by knotting two 
end portions of the cord. 

An air bag apparatus for a passenger seat accord- 
ing to claim 5, wherein the degradation preventing 
means includes a heat-shrink tube (78) through 
which the looped cord slidably extends in close con- 
tact therewith. 

An air bag apparatus for a passenger seat accord- 
ing to claim 5, wherein each of two opposite side wall 
portions (26C) ofthe air bag case (26) is provided 
with a generally "IT -shape bracket (80) fixed there- 
to, and each bracket is plastically deformable upon 
application thereto of a load equal to or greater than 
a predetermined value, and each end portion of the 
looped cord (76) is passed through a corresponding 
one ofthe brackets, and open end portions of each 
bracket are interconnected by a connecting means 
(82,84). 



An air bag apparatus for a passenger seat accord- 
ing to claim 1 , wherein the air bag door (20) is pro- 
vided with a groove (68) extending in a foam layer- 
side surface ofthe door base member (46) in a 
transverse direction relative to the vehicle and pro- 
truding away from the foam layer, and the groove 
has at opposite ends thereof insert holes through 
which the restricting means (76) is passed, and the 
restricting means is disposed in the groove. 

An air bag apparatus for a passenger seat accord- 
ing to claim 7, wherein the degradation preventing 
means includes a cover member (156) that closes 
the groove (142) when the restricting means (154) 
is disposed in the groove. 



An air bag apparatus for a passenger seat, accord- 
ing to claim 1, wherein the restricting means (154) 
extends in a rearward end-side portion of the door 
base member (126) forming the lower surface ofthe 
air bag door (100), substantially in a transverse di- 
rection relative to the vehicle in a plain stitch man- 
ner. 

An air bag apparatus for a passenger seat accord- 
ing to claim 1 or claim 2, wherein the degradation 



so 



ss 



10. An air bag apparatus for a passenger seat accord- 
ing to any one of claims 1 -9, wherein the instrument 
panel (10) has three layers: an instrument panel 
base member (17) forming a reverse surface of the 
instrument panel, a shell (11) spaced from the in- 
strument panel base member and forming a design 
surface, and a foam layer (16) charged between the 
instrument panel base member and the shell, and 
wherein the air bag door (20) has three layers: the 
door base member (46), a shell (44) spaced from 
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the door base member and forming a designed sur- 
face, and the foam layer (48) charged between the 
door base member and the shell, and the air bag 
door is formed together with the instrument panel. 
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rib, extending through the grommets. The strap is cov- 
ered with a heat-shrink tube (78) that prevents degra- 
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